Identification of Disease Genes

This mini-course focuses on the identification of a disease gene using
NCBI’'s human genome assembly. The reference human genome
assembly along with integrated maps, literature, and expression
information comprises a powerful discovery system for exploring
candidate human disease genes.

Problem: A laboratory has generated an EST library from a
hemochromatosis patient and wants to identify the gene(s) causing
the phenotype.

We will follow these steps to solve the problem:

1. Compare an EST to the human genome (using BLAST).

2. ldentify the gene(s) aligning with the EST and download their
sequences (using MapViewer).

3. Identify whether the EST contains any known SNPs (using
dbSNP).

4. Determine whether a mutant form of the gene causes a phenotype
(using OMIM).

A web page
(http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasegene.html)
describes in detail how to perform these steps.

The following handout includes the screen shots of the exercise.

Course developed by : Medha Bhagwat (bhagwat @ncbi.nlm.nih.gov )




Problem 1:

A laboratory has generated an EST library from a hemochromatosis patient and
wants to identify the gene(s) causing the phenotype.

Outline:

We will follow these steps to solve the problem:

1. Compare the EST from a hemochromatosis patient to the human genome
(using BLAST).

2. Identify the gene(s) aligning with the ESTs and download their sequences
(using Map Viewer).

3. Identify whether the EST contains any known nucleotide variations (single
nucleotide polymorphisms) (using doSNP).

4. Determine whether a mutant form of the gene is known to cause a phenotype
(using OMIM).

Step 1. Compare ESTs to the human genome (using BLAST):

One way to identify the genes expressing the EST is to compare the EST
sequence with the human genome assembly and the genes annotated on it. To
access the specialized BLAST page for searching against the human genome
assembly, click on

BLAST (human genome)

Paste the EST sequence provided below in the query box of the BLAST page
and start the search by clicking on the “Begin Search” button.

Query EST Sequence:

ATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGH
CTACCAGGGCTGGATAACCTTGGCTGTACCCCCTGGGGAAG.
CCCTCATTGTGATCTGGG

e of

Name the chromosome and the contig that we get as a BLAST hit. Is the EST
sequence 100% identical to the genomic sequence? Note the nucleotide
difference between the two sequences. Paste your results in the window below.

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAG ﬂ




Results of BLAST against the human genome
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Step 2. Identify the gene(s) expressing the ESTs and download their
sequences:

To visualize the BLAST hit on the genome using Map Viewer, click on the
"Genome View" button at the top of the results page, then on the Map element
"NT_007592". Currently, 4 maps should be displayed (Contig, Model, RNA and
Gene_seq). Zoom out 2 or 4 times by clicking on right most contig map and
selecting the appropriate option.

The BLAST hit, indicated by the red bar, is in the region of one of the exons of
the HFE gene annotated on the human genome. Make the Gene_seq map a
master map by clicking on the arrow at the top of the map. Display the entire
HFE gene sequence by clicking on the "dI" link and then on "Display". Copy the
sequence and paste it in the area provided below. We will use it later to obtain
the exon-intron structure. You can adjust the nucleotide locations to download
the upstream or downstream sequence by using the "adjust by" and "Change
Region/Strand" option.

HFE gene sequence




Step 3. Determine whether the ESTs contain known SNPs:

Go back to the Map Viewer report. Click on the Maps and Options link. Remove
all the maps except the Gene_seq map by selecting the map under the Maps
Displayed menu and clicking on Remove. Now add the variation map from the
Available maps menu (by selecting the map and clicking on Add). Make the
Variation map as the master map by selecting it and clicking the Make
Master/Move to Bottom option. Then click on Apply. Now two maps are
displayed, Variation (it's the rightmost and master map) and Gene_seq. The
master map provides detailed information for the map features, in this case
SNPs. ”. (The Mini-Course Map Viewer Quick Start describes the usage of the
Map Viewer in detail.) Zoom in on the blast hit area (red bar). There are two
SNPs in the area, one of them is rs1800562. Click on the link for the SNP. There
is an A/G SNP is at the nucleotide position 16951392 on the contig NT_007592
as mentioned under Fasta sequence and Integrated maps. Is this the same
nucleotide variation found in the BLAST result in Step 1? Please note that the
SNP results in the Cysteine 282 Tyrosine mutation for the longest protein
(expressed by the mRNA NM_000410) as reported under GeneView.

Step 4. Determine whether the mutant HFE gene causes a
phenotype:

Go back to the Map Viewer report. Make the Gene_seq map as the master map.
Select the link to the OMIM database. It takes us to the OMIM report for the HFE
gene that details how mutations in the HFE gene are associated with a
phenotype, hemochromatosis. Click on the Allelic Variant “View list” to get
information about mutant proteins from patients. Is Cys282Tyr variant mentioned
in the list? Which phenotype does it cause?

Summary:

This mini-course describes steps to identify the gene expressing an EST
obtained from a hemochromatosis patient, download the gene sequence, identify
known SNPs in the gene and find SNP-associated phenotypes.

Step 1: The query EST sequence was found to align contig NT_007592.14 on
chromosome 6 with one nucleotide difference (G to A with respect to the
nucleotide 16951392 on the contig).

Step 2: The query EST was found to be expressed by the HFE gene.

Step 3: The query EST sequence contains a known SNP (G/A with respect to
nucleotide 16951392 on contig NT_007592.14).

Step 4: Mutations in the HFE gene are associated with hemochromatosis.



Snapshots

Step 1: Compare EST against the human genome.
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formatting BL;’“\SIT
Tra ans Jatriava r an RID)

Protein

Tour recuest has been successfilly submitted and put into the Blast Queue.

Query = (276 letters)

The request @ is IW 165275543-11769-180461 223500 BLAZTOA
- D
The results are estimated to e ready in 17 seconds hut may be done sooner.

Please press "FORMAT!" when you wish to check your results. You may change the fommatting options for your result wia the form below and press "FORMAT!" again. You may also request results of]
aty other valid request ID to see other recent jobs.

rasults of BLASIT

BLASTN 2.2.15 [Oct-15-2006]
RID: 11692155453-11760-155461223500. BLASTOS
Database: human build 36 genome datsbase (reference assembly

only)
368 sequences: 2,870,043,926 total letters

If you have any prglflems or gquestions with the results of this search
please refer to gfle BLAST FAQs
Taxonomy repor gl

Genome View

Show positions of the BLAST hits in the human genome using the Entrez
Genomes MapWiewer

Query=
Length=276
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Alignments

Length=458945850

Features in this part of subject segquence:
hemochromatosis protein isoform 11 precursor
hemochromato=sis protein isoform 10 precursor

Score = 505 bits (273), Expect = 6e-141
Identities = Z75/276 (99%), Gaps = 0/276 (0%)
Strand=Plus/Plus

>ref|NT 0075592.14| Hsg 7749 E Howo sapiens chromwosome 6 genomic contig

Query 1 TGCCTCCTTTGGTGARGGTGACACATCATGTGACCTCTTCAGTGACC ACTCTACGGTGTC
FEETERTEEEE e e e e b e e b e e e e e b r e e e e e e
Shjet 16951164 TCGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGETGTC
Query 61 GGGCCTTGALCTACTACCCCCAGARCATCACCATGAAGTGGCTGAAGGATAAGCAGCCAL
FEETERTEEEE e e e e b e e b e e e e e b r e e e e e e
Shjct 16951224 GGGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGCTGAAGGATARGCAGCCAL
Query 121 TGGATGCCAAGGAGTTC GRACCTALAGACGTATTGCCCALTGGGGATGGGACCTACCAGS
FEETERTEEEE e e e e b e e b e e e e e b r e e e e e e
Shjct 16951284 TGGATGCCAAGGAGTTCGAACCTAAAGACGTATTGCCCAATGGGGATGGGACCTACCAGS
Query 181 GCTGGATAACCTTGGCTGTACCCCCTGGGGALGAGCAGAGATATACGTACCAGETGGAGE
R R R NN RN NN RN RN RR R Y INRER RN RRRE N
Shjct 160951344 GCTGGATAACCTTGGCTGTACCCCCTGGGGAAGAGCAGAGATATACGTGCCAGETGCAGE
Query 241 ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGG 276
FEETTEEEE e e e e e e b e e e el
Shjct 16951404 ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGG 16951439

&0

16951223

1z0

16951283

1s0

16951543

240

16951403

Result: The EST sequence is aligned to the contig NT_007592.14 on
chromosome 6 with one nucleotide difference (G to A with respect to the
nucleotide 16951392 on the contig).

Step 2: Identify the gene(s) expressing the EST and download their

sequences

Query=

Database:
only)

Gename View

_ results of BLr\Sr[

BLASTN 2.2.15 [Qct-15-2006]

RID: 1164536270-6327-66313738572.BLASTQZ

human build 36 genome database (reference assembly

pnces; 2,870,843,926 total letters

Show positions of the BLAST hits in the human genome using the Entrez

Genomes MapViewer

Length=276

Distribution of 1 Blast Hits on the Query Sequence
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Region Displayed: 26,192,500-26 209,600 bp

Master Map: Genes On Sequence Summary of Maps

DownloadView Sequence/Evidence

Hodel #|X] *Refﬁeq RHAZX| Co[lt.].gil&l Gel:sf_seqﬁl Symbol O Lirks
26193k
26194k
26195k
o e | E ]
i 18281 wr_yzmang, 1R
HG e LTI
:._|m121295 HH_139003. E|
R il HR_139011. 26197k
25'1 92,5['[' hiranl 20359 E
26.209.600 26198k
b1 22231
HH_153005, E
26193
II |=I :IIIII [[]]]
LI | nmn
28200k
NH_000410. HE 1T HGNC sv pr dl ev mm b sts CCDH
e s [
~Err N |
_— wom
3145 NHZ13ane2. 26202k
Rl 20327
UUUHHH hirand 2 0593 adl E H
hraal 21061 262034
26204K
! ]
n” HU 28205 H
28206k
28207HS
Home sapiens (Build 36.1)
egion to retrieve (in chromosotme coordinates)
Chromosome IE Strand. |p|us =l
Fom: [26195427  adjust by 0K
to: [26208038  adjust byf+0K Change Region/Stand |

equence Format: I FASTA 7| /

Chis chromosome region corresponds to the gbntig region(s):

Contig start stop strand

MT_007592 14 169456599 16955310 + Display Save to Disk View Ewidence Modellaker
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Range: from |18945599 to |1895531D Show whole sequence I T " Reverse complemented strand Refresh I
M1 WT Q075%2, Reports Home sapiens chro.. [gi51465675)

»ref|NT_007592.14|Hs6_7749:169456595-165955310 Homo sapiens chromosome 6 genomic contig
GEGGACACTGGATC ACC TAGTGTTTCAC AAGC AGGTACCTTCTGC TGTAGGAGAGAGAGALC TAALGTTC
TGALAGACCTGTTGCTTTTCACCAGGAAGTTTTACTGGGCATC TCCTGAGCCTAGGCAATAGCTGTAGSG
TGACTTCTGGAGCCATCCCCGTTTCCCCGCCOCCCARRAGAAGCGGAGATTTAACGGGGACGTGCGGCCA
GAGCTGGGGAAATGGGCCCGCGAGCCAGGCCGGCGCTTCTCCTCCTGATGC TTTTGCAGACCGCGGTCCT
GUAGGGGCGCTTGC TGCGTGAGTCCGAGGGC TG GGG CGALC TAGEGGCGCGECEGGFETGEALLAATCG
AAACTAGCTTTTTCTTTGCGC TTGGGAGTTTGC TAACTTTGGAGGACCTGC TCAACCCTATCCGCARGCC
CCTCTCCCTACTTTC TG GTCCAGACCCCGTGAGGGAGTGC CTACCACTGALCTGCAGATAGGGGTCCCT
CGCCCCAGGACCTGCCCCCTCCCCOGGCTGTCCCGGCTCTGCGGAGTGACTTTTGGALCCGCCCACTCCC
TTCCCCC A TAGAATGC TTTTAAATARATC TCGTAGTTCCTCACTTGAGC TGAGC TAAGCC TGGGGCTC
CTTGAACCTGGALC TCGGGTTTATTTCCAATGTCAGC TG TGCAGTTTTTTCCCCAGTCATCTCCAAACAG
GALGTTCTTCCCTGAGTGC TTGCCGAGAAGGC TGAGCAALCCCACAGC AGGATCCGCACGGGETTTCCAC
CTCAGAACGAATGCGTTGGGCGETEGGEGCGCGAAAGAGTGGCGTTGEGGATC TGAATTCTTCACCATTC
CACCCACTTTTGGTGAGACCTGGGGTGGAGGTC TCTAGGGTGGEAGGC TCC TGAGAGAGGCCTACCTCGE
GCCTTTCCCCACTC TTGGCAATTGTTC TTT TG CC T GAAAATTAAGTATATGTTAGTTTTGAACGTTTGL
A TGAACAATTCTCTTTTC GG TAGGC TTTATTGATTTGCAATGTGC TG TG TAATTALGAGGCCTCTCTA
CAAAGTACTGATAATGAACATGTAAGC AATGCACTCACTTC TAAGTTACATTCATATC TGATCTTATTTG
ATTTTCACTAGGCATAGGGAGGTAGGAGC TAATAATACGTTTATTTTAC TAGAAGTTAACTGGAATTCAG
ATTATATAAC TCTTTTCAGGTTACARAGAACATARAATAATCTGGTTTTCTGATGTTATTTCAAGTACTAC
AGC TG TTC TAATC TTAGTTGACAGTGATTTTGCCCTGTAGTGTAGCACAGTGTTCTGTGGGTCACACGC
CEGCCTCAGCACAGCACTTTGAGTTTTGGTACTACGTGTATCCACATTTTACACATGACALGALTGAGGT
ATGGCACGGCCTGCTTCCTGGCARATTTATTCAATGGTACACTGGGCTTTGGTGGCAGAGCTCATGTCTC

Result: The query EST is expressed by the HFE gene.

Step 3: Determine whether the EST contains any known SNPs
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Mucleotide Protein Genome

jforl

Search Entrez | SHP

BUILD 126 .
ref SNP ID: rs1800562 Allele Links
Orgamism: human (Homa sapiens) T e % SNFP:
= Variation Class: ~ . .
Molecule Type: Genomic single nucleotide polymorphism
CreatedUpdated in bwald: 8%/123 Alleles: A/G
Map to Genome Build: 35.1 Ancestral Allele: Mot available

[IFasta sequence (Legend)

=gnl|dhSNP|rs1800562|allelePos=202|totalLen=450/taxid=9606|snpclas g1 |alleles="AG mial=Genomic|build=113

ATGTGAYCTC TTCAGTGACC ACTCTACGGT GTCGGGCCTT GAACTACTAC CCCCAGAACA
TCACCATGAL GTGGCTGAAG GATAAGCAGC CAATGGATGC CAAGGAGTTC GAACCTAAAG
ACGTATTGCC CAATGGGGAT GGGACCTACT AGGGCTGGAT AACCTTGGCT GTACCCCCTG
GGEGAAGAGCA GAGATATACG T

R

CCAGGTGGAG CACCCAGGCC TGGATCAGCC CCTCATTGTG ATCTGGGGTA TGTGACTGAT
GAGAGCCAGG AGCTGAGAAAL ATCTATTGGE GGTTRAGAGG AGTGCCTGAG GAGGTAATTA
TGGCAGTGAG ATGAGGATCT GCTCTTTGTT AGGGGGTGGG CTGAGGGTGG CAATCAAAGG
CTTTAACTTG CTTTTTCTGT TTTAGAGCCC TCACCGTCTG GCACCCTAGT CATTGGAGTC
ATCAGTGG

Jintegrated Maps:
INCBI MapViewer: 151800562 maps exactly once on NCBI huoan chromosome 6
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n.position  position  orientation Allele  Type lahel ~lshel ~SNP  position

fi HT_007592.14 16081302 26201120 plus G wf wsenbly  refernce mfence view 201

fi W 200241 25717681 27322425 plus G ot assembly I Celera Celrn view 201

TLTE T o0 T [CW] [ Ti L ] [ T OCIIs Y | [ s T [ [T T T S oo | e T T Crr o Tels o W ITT W ST
Group . . .
Label Contig->mRNA Gene Model (contig mRNA transcript) Color Legend
abe
reference IT 007582-=M04 000410 |
sv finction r —— - Y
r LT L e A L HE;
Group Contizg mBRINA  mRNA dbSIP Protem Codon Ammo acy

label Contig—> A-=Frotein position  orientation pos Einct allele residue pos  pos

Result: The EST sequence contains a known SNP (G/A with respect to the
nucleotide 16951392 on contig NT_007592.14).
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Step 4: Determine whether a mutant HFE gene causes a phenotype
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Fubhded M & Frotein FPhIC OhIhd

All D ) ure .
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OMIM
\ . Hopkins
Online Mendelian Inheritance in Man University

ture

Datab Fubhded MNu Frotein me

-

Limits | Previewindex | History | Cliphoard | Details |

Display | Detailed ~lshow|20 r|[sendto =]
Al 1 | OMM dbSNP: 1| OMIM URISTS: 1
235200

HEMOCHROMATOSIS: HFE

Alternative titles; symbols

HLAH

HEMOCHROMATOSIS, HEREDITARY; HH
HFE GENE, INCLUDED; HFE, INCLUDED
Gene map locus 6p21.3

TEXT

DESCRIPTION

Ainmrnnad Huin e s Froen aF erarrantalda caneae 0

Zearch | Ohdlbd - | for Go | Claar |

GeneTests, Links

The clinical features of hemochromatosiz mclude cirhosis of the lver, diabetes, hypermelanotic pigmentation of the
skin, and heart falure. Primary hepatocellular carcinoma (HCOC; 114550, complicating cirrhosts, is responsible for
about one-third of deaths i affected homozygotes. Since hemochromatosis 15 a relatively easily treated disorder if

OMIM = .
_ -+ Hopkins
Online Mendelian Inheritance in Man PSS el University

All Databaszes Fubhiad Hucleotide Frotein Gename FhiC
Sea.rchIOM‘M =l forl Gul Clearl

|r Lirmnits T Preview/dndex T History T Clipboard T Details ]

Disp1ay|A\IeIic\/ariants jShOWIED jISendto j
All:1 |OMIM dhSHP: 1 T Ol UniSTS: 1
+235200

HEMOCHROMATOSIS: HFE

ALLELIC VARIANTS
(selected examples)

o 0001 HEMOCHROMATORSIS [HFE, CYS282TYR ] dI)SNP
NP

o 0003 HEMOCHROMATOSIS [HEE, SERS5CTS | dbSNP

e D004 HEE INTRONIC POLYIWMORPHISM [HEE, 5569G-A]

« D005 HEE POLYMORPHISN [HFE, VALS3MET ] dbSNP

o D006 HEE POLYMORPHISH [HFE, VALSSMET ] dbSNP

o D007 PORPHYRIS VARTEGATA [HFE, GLN127HIS ] dbSNP
e 0008 HEMOCHROMATOSIS [HEE, ARG330MET]

o D005 HEMOCHROMATOSIE [HEE, ILE105THE. ] dbSNP

o 0010 HEMOCHROMATOSIE [HEE, GLY33ARG] dbSNP

e 0011 HEMOCHROMATOSIS [HFE, GLN283PRO |

Oh 1hd

GeneTests, Links

Result: Mutations in the HFE gene are associated with hemochromatosis

disease.
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Problem 2:

http://www.ncbi.nIm.nih.gov/Class/minicourses/diseasegene2.html

A laboratory has generated an EST library from a sickle cell anemia patient and
wants to identify the gene(s) causing the phenotype. Sickle cell anemia is a
disease in which the red blood cells are curved in shape, and which causes pain
and fever.

Outline:

We will follow these steps to solve the problem:

1. Compare an EST from a sickle cell anemia patient to the human genome
(using BLAST).

2. Identify the gene(s) aligning with the EST and download their sequences
(using Map Viewer).

3. Identify whether the EST contains any known nucleotide variations (single
nucleotide polymorphisms) (using doSNP).

4. Determine whether a mutant form of the gene is known to cause a phenotype
(using OMIM).

Step 1. Compare ESTs to the human genome (using BLAST):

One way to identify the genes expressing the ESTs is to compare the EST
sequence with the human genome assembly and the genes annotated on it. To
access the specialized BLAST page for searching against the human genome
assembly, click on

BLAST (human genome)

Paste the EST sequence provided below in the query box of the BLAST page
and start the search by clicking on the “Begin Search” button.

Query EST Sequence:

ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAA ﬂ

e of

Name the chromosome and the contig that we get as a BLAST hit. Note that the
similarity is on the minus strand of genome. Is the EST sequence 100% identical
to the genomic sequence? Note the nucleotide difference between the two
sequences. Paste your results in the window below.
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Results of BLAST against the human genome

5

Step 2. Identify the gene(s) expressing the EST and download their
sequences:

To visualize the BLAST hit on the genome using Map Viewer, click on the
"Genome View" button at the top of the results page, then on the Map element
"NT_009237". Currently, 4 maps should be displayed (Contig, Model, RNA and
Gene_seq). Zoom out 2 or 4 times by clicking on right most contig map and
selecting the appropriate option.

The best BLAST hits, indicated by the red bars, are in the region of two exons of
the HBB gene annotated on the human genome. Make the Gene_seq map a
master map by clicking on the arrow at the top of the map. Note that the gene is
annotated on the minus strand. To display the entire HBB gene sequence, click
on the "dI" link, choose minus strand from the pull down menu, click on "Change
Region/Strand" and display the sequence by clicking on on "Display". Copy the
sequence and paste it in the area provided below. We will use it later to obtain
the exon-intron structure. You can adjust the nucleotide locations to download
the upstream or downstream sequence by using the "adjust by" and "Change
Region/Strand" option.

HBB gene sequence

20



Step 3. Determine whether the EST contains known SNPs:

Go back to the Map Viewer report. Click on the Maps and Options link. Remove
all the maps except the Gene_seq map by selecting the map under the Maps
Displayed menu and clicking on Remove. Now add the variation map from the
Available maps menu (by selecting the map and clicking on Add). Make the
Variation map as the master map by selecting it and clicking the Make
Master/Move to Bottom option. Then click on Apply. Now two maps are
displayed, Variation (it's the rightmost and the master map) and Gene_seq. The
master map provides detailed information for the map features, in this case
SNPs. ”. (The Mini-Course Map Viewer Quick Start describes the usage of the
Map Viewer in detail.) Zoom in on the blast hit area (red bar). There are two
SNPs in the area, one of them is rs334. Click on the link for the SNP. There is an
A/T SNP is at the nucleotide position 4035473 on the contig NT_009237 as
mentioned under Fasta sequence and Integrated maps. Is this the same
nucleotide variation found in the BLAST result in Step 17?

Step 4. Determine whether the mutant HBB gene causes a
phenotype:

Go back to the Map Viewer report. Make the Gene_seq map as the master map.
Select the link to the OMIM database. It takes us to the OMIM report for the HBB
gene that details how mutations in the HBB gene are associated with a
phenotype, sickle cell anemia. As mentioned in the report, the allelic variants are
listed for the mature HBB protein which lacks initiator methionine. Click on the
Allelic Variant “View list” to get information about mutant proteins from patients.
Is GluéVal variant mentioned in the list? Which phenotype does it cause?

Summary:

This mini-course describes steps to identify the gene expressing the ESTs
obtained from a sickle cell anemia patient, download the gene sequence, identify
known SNPs in the gene and find SNP-associated phenotypes.

Step 1: The query EST sequence was found to align to contig NT_009237.17 on
chromosome 11 with one nucleotide difference (T to A with respect to the
nucleotide 4035473 on the contig).

Step 2: The query EST was found to be expressed by the HBB gene.

Step 3: The query EST sequence contains a known SNP (T/A with respect to the
nucleotide 4035473 on contig NT_009237.17).

Step 4: Mutations in the HBB gene are associated with sickle cell anemia.
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